This paper provides insight into the problems and possibilities related to quality differentiation, traffic mapping and scheduling in Differentiated Services. We focus on the differentiation of two important quality parameters, capacity and delay, and consider two models in detail: absolute capacity differentiation and proportional delay differentiation with delay bound. We suggest possible packet schedulers for implementing these models: DRR and our own versions of adaptive DRR and HPD where we have assigned the highest class with a delay bound. According to the simulation results provisioning and differentiation with static resource allocation methods is problematic but with some of the adaptive schedulers tunable and consistent differentiation can be achieved. Based on these observations we suggest that in Differentiated Services networks an adaptive scheduler with delay bound should be used for resource allocation. We also argue that from applications point of view it is beneficial if different traffic types are separated into their own classes before the actual resource allocation.
Introduction
The Internet has developed from a research network into a public, commercial multi service network that should be able to support heterogeneous applications (e.g. VoIP, WWW, video-conferencing) and customers with diverse requirements. This is a major challenge in the current Internet that is based on the "common service for all" paradigm, where no differentiation is performed between users, applications or even protocols. Consequently, quality of service (QoS) provisioning in the Internet has gained increasing attention.
During among service classes. The mechanism that is primarily responsible for the allocation is packet scheduler: it shares the resources according to a predefined policy determined by the operator.
The available service architectures and mechanisms set certain limits to the services that can be offered to customers. However, every operator that decides to build a QoS system has still many degrees of freedom. For instance, the operator can choose what differentiation models to deploy and what mechanisms to use in implementing these models. The differentiation can be based on criteria such as application requirements or price paid by the customer.
In this paper we point out problems and possibilities related to quality differentiation, traffic mapping and scheduling in Differentiated Services. The focus is on the differentiation of two important quality parameters: capacity and delay. In the first part of the paper two models are considered in detail: absolute capacity differentiation and proportional delay differentiation with delay bound. Packet schedulers for implementing these models are also proposed. These schedulers are Deficit Round Robin (DRR) and our own versions of adaptive DRR and Hybrid Proportional Delay (HPD) where we have assigned the highest class with a delay bound.
In the second part of the paper we examine the behavior of the differentiation models and schedulers with simulations. One objective of the simulations is to evaluate the viability of the differentiation models and the ability of the selected schedulers to support the model that they are designed for. Another objective is to provide insight into the effect of traffic mapping on the differentiation. We use several traffic types (FTP, WWW, Video, VoIP and control traffic) for investigating how the traffic should be mapped to service classes. We show performance results both at aggregate and session/flow level in terms of delay, jitter, throughput and packet loss in various scenarios.
Background of Differentiation Models

Absolute Capacity Differentiation
In absolute capacity differentiation each service class is allocated a predefined amount of link capacity. Let there be N FCFS queues, one for each traffic class. Denote by φ i the weight of class i and by C the link capacity. In an ideal case, a backlogged class i should receive service in any interval (τ, t) with a rate [10]
(1)
Proportional Delay Differentiation with Delay Bound
Proportional Delay Differentiation (PDD) model is a special case of the model for Proportional Differentiated Services, first proposed in [5] . The idea of the PDD model is to keep the ratio of local queueing delays of successive classes roughly constant. Denote byd i the average queueing delay of class i packets and
